Purpose Chronic musculoskeletal pain is often associated with psychological distress and maladaptive beliefs and these are sometimes reported to have a negative impact on surgical outcome. The influence of a surgical intervention, and in particular its outcome, on the course of change in psychological status is poorly documented. In this prospective study, we sought to examine the dynamic interplay between psychological factors and outcome in patients undergoing decompression surgery for spinal stenosis/ herniated disc. Methods Before and 12 months after surgery, 159 patients (100 men, 59 women; 65 ± 11 years) completed a questionnaire booklet containing questions on socio-demographics, medical history, pain characteristics (intensity, frequency, use of medication), psychological disturbance [ZUNG Depression Scale and Modified Somatic Perception Questionnaire (MSPQ)], catastrophising (sub-scale of the Coping Strategies Questionnaire) and disability (Roland and Morris questionnaire) and the Fear Avoidance Beliefs Questionnaire about physical activity (FABQ-PA). The global outcome of surgery was assessed at 12 months using a five-point Likert scale and dichotomised as ''good'' (operation helped/helped a lot; coded 1) and ''poor'' (operation helped only little/did not help/made things worse; coded 0). Results Valid questionnaire data were available for 148 patients at 12 months' follow-up: 113 (76.4 %) reported a good outcome and 35 (23.6 %) a poor outcome. In univariate analyses, the following baseline variables each significantly (p \ 0.05) predicted a good 12-month global outcome: no involvement in a disability claim, and lower LBP frequency, average LBP in the last week, average score on all pain scales, FABQ-PA and catastrophising. In Conclusion In a multivariable prospective (predictive) model, FABQ-PA was the only baseline psychological factor that significantly predicted outcome. Future studies should assess whether pre-operative cognitive-behavioural therapy in patients with maladaptive beliefs improves treatment outcome. Psychological disturbance did not significantly predict outcome, but it improved post-operatively in patients with a good outcome and worsened in those with a poor outcome. Rather than being a risk factor for poor outcome, in this group it appeared to be more a consequence of long-standing, unremitting pain that improved when symptoms resolved after successful surgery.
Conclusion In a multivariable prospective (predictive) model, FABQ-PA was the only baseline psychological factor that significantly predicted outcome. Future studies should assess whether pre-operative cognitive-behavioural therapy in patients with maladaptive beliefs improves treatment outcome. Psychological disturbance did not significantly predict outcome, but it improved post-operatively in patients with a good outcome and worsened in those with a poor outcome. Rather than being a risk factor for poor outcome, in this group it appeared to be more a consequence of long-standing, unremitting pain that improved when symptoms resolved after successful surgery.
Introduction
Low back pain (LBP) is one of the most common musculoskeletal disorders and is a major and costly problem in industrialised countries [1, 2] . In only 5-15 % of all backrelated disorders is there a clear concept of the pain pathogenesis [3] . One such pathology concerns degenerative diseases of the lumbar spine associated with compression of the neural elements. These are common in the ageing population and are being encountered with greater frequency as the average life-expectancy increases [4] . In all but the most moderate of cases, the problem is difficult to treat without recourse to surgery [5] [6] [7] [8] . The results for a given procedure can vary widely in different patients, despite apparently similar baseline symptoms, function, indications for surgery and surgical techniques used [9] . Unfortunately, performing a technically successful decompression surgery does not necessarily guarantee a good long-term patient outcome in patients suffering from degenerative spinal disorders [10] .
Certain individual characteristics and psychological factors are believed to influence the self-rated outcome of surgery in many orthopaedic conditions: factors such as smoking, long duration of LBP, long-term sick leave, comorbidity, depression and work satisfaction have all been identified as predictors of a poor outcome after spine surgery [9, 11] . In recent years, the influence of cognitivebehavioural factors on the outcome of surgery has attracted increasing attention [12] [13] [14] [15] . Pain-related fear and catastrophic pain beliefs, the resulting task interruptions and avoidance of painful activity, negative affect and loss of self-esteem can seriously delay recovery from chronic pain [16] . It might therefore be expected that these same factors would be important in influencing the perceptions of pain and disability in post-operative patients. Pain catastrophising is characterised by patients magnifying their feelings about painful situations and constantly thinking about these situations [17, 18] . It also involves feelings of helplessness and incorporates rumination about pain. It has been described as a cognitive style that involves the tendency to misinterpret and exaggerate the threat value of situations [17] or as an exaggerated negative mental set brought to bear during an actual or anticipated painful experience [19] . Pain catastrophising plays an important role in theoretical models of pain chronicity, showing a consistent correlation with both pain intensity and disability [18, [20] [21] [22] . It has been shown to be a significant predictor of outcome after knee replacement surgery [12, 23] and treatment for other rheumatologic disorders [21] , even after controlling for other well-known psychological risk factors such as depression. Several studies have shown that kinesiophobia/fear-avoidance beliefs also play an important role in the development [24] , persistence [25] and response to treatment [26] of chronic low back pain and, like pain catastrophising, show a significant correlation with pain intensity and disability [16, 22] . Although many predictor studies have been carried out to examine the influence of psychological factors such as depression and anxiety on surgical outcome [27] , only few have investigated the predictive value of fear-avoidance beliefs [11, 15, 26, 28] and mostly in groups of younger patients in relation to disc surgery. To the authors' knowledge, the importance of preoperative pain catastrophising in relation to the outcome of spine surgery has not been investigated to date. Further, no studies have systematically evaluated the changes in these psychological and cognitive-behavioural risk factors after surgery, to assess whether a good outcome is associated with a return to a more favourable psychological profile.
The aim of this study was to investigate the predictive value of cognitive and behavioural factors including pain catastrophising and fear-avoidance beliefs on the 12-month outcome of decompression surgery for degenerative spinal disorders in a group of patients who were otherwise participating in a randomised controlled trial (RCT) of postoperative physical therapy [29] . A further aim was to identify the changes in psychological factors (from before surgery to 12 months later) that were associated with the achievement of a good global outcome at 12 months' follow-up.
Methods

Study admission criteria
The inclusion criteria for the study were: age over 45 years; diagnosis of degenerative spinal disease with compression of the neural elements (in association with either hard tissue (osteophytes, calcification, etc.) or soft tissue (herniated disc material)) as ascertained from the medical history, clinical examination, conventional radiography and MRI/CT of the lumbar spine, with an indication for decompression surgery without fusion; failed conservative therapy; willingness to complete questionnaire follow-ups; a good understanding of written and spoken German.
The exclusion criteria were: previous spinal fusion (although other types of spinal surgery carried out more than 6 months ago were acceptable) and disorders preventing active rehabilitation (an exclusion criterion related to the original RCT [29] ).
Recruitment of patients
Patients were recruited from the spine centre of the authors' hospital (a not-for-profit orthopaedic clinic with university affiliations). The operation list for the forthcoming 2 months was examined on a weekly basis, and consecutive patients who appeared to satisfy the main admission criteria were sent a letter inviting them to participate, along with an information sheet about the study and a questionnaire booklet (see later). All patients were contacted by phone a week later to enquire about their interest in participating, check the inclusion/exclusion criteria and address any queries in connection with the study. Those who agreed to participate were invited to sign the informed consent form and bring their completed questionnaire to the research department on the day of admission. The study was approved by the local university ethics committee.
Surgical and post-operative procedures Decompression surgery was carried out using a minimally destructive approach. Briefly, using a posterior midline approach to the laminae, the spinal canal was entered by removal of the ligamentum flavum. Undercutting laminotomy of the caudal and rostral laminae and, where necessary, partial medial facetectomy and removal of disc fragments were performed. No specific rehabilitation was carried out in the first 6-8 weeks, but the patients were encouraged to keep mobile. Between 2 and 5 months postoperatively, the patients completed a rehabilitation programme comprising either self-management (instructed to ''keep active''), physiotherapeutic spine segmental stabilisation exercises or traditional mixed physiotherapy techniques. There were no significant differences between rehabilitation groups at follow-up [29] , which justified an analysis of all patients together in the present report.
Assessments
Administration of questionnaires
Before and at 12 months after surgery, patients completed the questionnaires sent to them by mail. Non-responders were contacted by study personnel until the questionnaire was returned or the patient explicitly stated that no questionnaire would be returned. All the questionnaires were available in German or had been adapted for the German language prior to the study [30] .
Questionnaire
The questionnaire enquired about the following variables, considered to represent potential predictors of outcome (i.e. independent variables):
1. Socio-demographic and medical history characteristics: age, gender, work status, involvement (past, current or intended) in a disability claim, smoking habit (non-smoker, ex-smoker, smoker), other joint problems (hip, knee, foot, shoulder, elbow, hand or ''other''), general health (0-10 graphic rating scale), sleep disturbances (yes, no), number of levels to be operated and previous spine surgery [30] 
LBP-related disability measured with the Roland and
Morris questionnaire [31, 32] . This is a 24-item questionnaire, used to assess disability due to LBP in relation to various daily functions 3. Pain characteristics: intensity of the average low back pain (LBP), average leg pain (LP), highest backrelated pain and lowest back-related pain in the last week, and back-related pain today, each on a 0-10 graphic rating scale [33] ; duration (in months) of back problem; frequency of back-related pain in the last 6 months (never, sometimes, often, constant); use of painkillers in the last 6 months due to back-related pain (none, sometimes (few times/month), often (few times/week), always (daily) [30] 4. Psychological disturbance [34] determined using the combined scores from the Modified Somatic Perception Questionnaire, MSPQ [35] (enquires about the frequency of somatic symptoms experienced in the last week) and the modified ZUNG Depression Questionnaire [36] 5. Fear-avoidance beliefs: beliefs about physical activity/ work being a cause of the patient's back trouble and fears about the dangers of such activities when experiencing an episode of low back pain (FearAvoidance Beliefs Questionnaire, FABQ [26, 37] (due to the average age of the group, only the FABQphysical activity (FABQ-PA) scores were used for further analysis) 6. Catastrophising, using the six items on the catastrophising sub-scale of the Coping Strategies Questionnaire, CSQ [38] .
Twelve months after surgery, patients answered a question enquiring about the global outcome of surgery: ''How much did the operation help your back problem?,'' with five response categories: (1) helped a lot, (2) helped, (3) helped only little, (4) did not help, and (5) made things worse. The global outcome was dichotomised into ''good'' (responses 1 and 2) and ''poor'' (responses 3, 4 and 5) for the purpose of subsequent analyses. Global outcome comprised the primary outcome for the study (i.e. the dependent variable in the predictor analyses). This was chosen in preference to, e.g. the change in pain or disability scores at follow-up compared with baseline, since it circumvents the two methodological concerns ''mathematical coupling'' and ''regression to the mean'' associated with the relation between change and initial value [39] and avoids potential confounding due to baseline scores of pain/disability, themselves being related to baseline beliefs/psychological variables; further, global outcome has been shown to give a valid and responsive descriptor of overall treatment effect, representing an aggregate of all aspects of outcome that are of most importance to the patient [40] .
Statistics
Descriptive statistics were firstly computed for the data. Relative frequencies were calculated for discrete (categorical) variables such as sex, smoking status, etc., and means and standard deviations for continuous variables such as age and the various questionnaire scores (pain catastrophising, fear-avoidance beliefs, etc.). Stem and leaf plots were computed to visually examine the distribution of the data, determine whether any data needed to be transformed and identify missing data.
For some of the variables, the response categories were collapsed for the later analyses to avoid having very small subgroups. For smoking habit, the response categories of 1 = no, 2 = given up and 3 = yes were collapsed into ''no'' (no and given up; coded as 0) and ''yes'' (coded as 1). For current employment, response options were (1) yes, full time; (2) yes, part time; (3) yes, part time and part retired; (4) no, out of work; (5) no, housewife; (6) no, retired on age grounds; (7) no, retired due to back pain; (8) no, retired early for reasons other than back pain; (9) no, other reasons. These were dichotomised as 1-3 = yes (coded as 1) and 4-9 = no (coded as 0). For claim for disability, response options were: (1) not applicable (not working); (2) no claim; (3) considering claim; (4) claim submitted; (5) claim granted; (6) claim turned down. These were dichotomised as 1-2 = no (coded as 0) and 3-6 = yes (coded as 1).
Two multiple logistic models were built: one was a true, prospective predictive model, in which baseline variables measured pre-operatively (''predictors'') were examined in relation to the global outcome at the 12-month follow-up; the second was an ''explanatory model'', in which changes in a number of different variables (from pre-op to 12 months' post-op; positive = improvement) were examined in relation to the global outcome, to see what factors or change scores were associated with, or statistically ''explained'', a good global outcome.
Univariate logistic regression analyses were firstly applied to all variables of interest to reveal any associations with global outcome (coded as 0 = poor, 1 = good). Variables with a p value \0.10 were considered for inclusion in the subsequent multiple regression model. In the final multiple logistic regression model, odds ratios (OR) for each variable and their 95 % confidence intervals were computed. A backward (likelihood-ratio) model was used to identify the variables that best predicted/explained the global outcome at 12 months after surgery.
Data analysis was performed with SPSS (PASW statistics 18, IBM statistics SPSS18). p values \0.05 were considered to be statistically significant.
Results
Patients
A total of 159 patients were included in the original trial [29] . Details concerning the baseline characteristics of the study group, the proportion of patients completing questionnaires at the 12-month follow-up (96 %) and the methods for dealing with missing questionnaire data/ imputation have all been described previously [29] . Eleven patients were re-operated within the first year and their data were excluded from the present analysis, since their ratings of outcome in the questionnaire sent 12 months after the index surgery would clearly have been influenced by the intervening procedure. Hence, questionnaire data from 148 patients were used in the present study. Their mean ± SD age was 64 ± 11 years and 92/143 (64 %) were men.
Global outcome at 12 months
At the 12-month follow-up, the numbers (%) of patients reporting a good and poor outcome, respectively, were 113 (76.4 %) and 35 (23.6 %).
Prospective evaluation of baseline predictors of outcome
The baseline predictors that showed a significant association with global outcome in the univariate logistic regression analyses are shown in Table 1 . Briefly, a poor outcome (coded 0 as the dependent variable) was associated (p \ 0.10) with: involvement in a disability claim, a higher frequency of LBP, higher LBP intensity in the last week, higher leg pain intensity in the last week, higher value for the average from all pain scales, higher intake of painkillers, having other joint problems, being a smoker, having greater psychological disturbance, having a higher Roland Morris Disability score, a higher FABQ-physical activity score and a higher pain-catastrophising score. Odds ratios for these variables ranged from 0.333 to 0.970 (Table 1) .
Multivariable logistic regression analysis revealed that, of the baseline psychological factors, only FABQ-physical activity was a significant predictor of outcome at the 12-month follow-up; frequency of LBP was the only other unique predictor in the model (Table 1) .
Association between outcome and change scores from before to 12 months after surgery
The association between change scores (i.e. the difference between pre-operative and 12 months' post-operative scores, where positive values = improvement) and the global outcome are shown in Table 2 for both univariable and multivariable analyses. In multiple logistic regression, improvement in each of the following variables was significantly associated with a good outcome: average LBP in the last week, average of all pain scales, general health, psychological disturbance (sum of MSPQ and ZUNG) and Roland Morris disability score. The association between outcome and the change scores is exemplified in Fig. 1 , which shows the change in ''psychological disturbance'' (sum of MSPQ and ZUNG scores) from baseline (preoperatively) to the 12-month follow-up in the ''good outcome'' and ''poor outcome'' groups. The baseline scores did not differ markedly between the outcome groups (confirming the lack of predictive power for pre-operative psychological disturbance), but there was a marked separation (and significant difference; p \ 0.0001) in scores indicating improvement and deterioration for ''good'' and ''poor'' groups, respectively, at the 12-month follow-up.
Discussion
The present study sought to examine the role of cognitivebehavioural factors in identifying patients at higher risk of a poor outcome after decompression surgery for lumbar spine degenerative disorders. Higher levels of fear-avoidance beliefs about physical activity (FABQ-PA) were shown to have significant predictive value for a poor 12-month outcome after surgery. The findings concur with many (but not all [41] ) previous studies on patients with chronic back problems who have reported a significant negative influence of pre-treatment fear-avoidance beliefs (about work or physical activity) on outcome after conservative [42] or surgical [13, 15, 26, 28] treatment, with outcome being measured using different variables (disability/function [13, 42] , a multidimensional index [28] , return to work [26] or quality of life [15] ). In the present study, FABQ-PA was the only statistically significant and also clinically useful predictor variable identified, i.e. factor that is potentially modifiable prior to surgery (see later). We hypothesised that one or more of the specific psychological variables or health-related beliefs that we studied would predict a poor surgical outcome. As also reported previously in the literature [22] , there were a number of significant inter-correlations between the various psychological variables. Conceivably, had fear-avoidance beliefs not been measured, then a closely related variable such as pain catastrophising, which was significant in the univariate analysis and has been identified as a predictor of outcome of orthopaedic surgery in previous studies [12, 23] , may instead have acquired significance in the multivariable model. However, the close relationship between these variables meant that ultimately only one was selected for inclusion in the final model.
The results suggest that pre-operative screening for psychosocial risk factors such as fear-avoidance beliefs that predict poor outcome may be useful to identify individuals who would benefit from adjunctive treatments [21] . It would be interesting to examine whether the introduction of educational and psychological treatments to address negative beliefs pre-operatively in those who exhibit high levels of fear avoidance-as a type of ''prehabilitation''-might improve the ultimate outcome of surgery. Rather than excluding psychologically disturbed, distressed or fear-avoidant patients from surgery, prehabilitation would be seen as part of the preparation procedure for surgery, just as for example giving up smoking or losing weight is sometimes advised. This might serve to maximise the overall number of successes. Studies in other fields of orthopaedics, such as knee surgery, have already shown the effectiveness of pre-operative pain-coping skills training for patients with pain catastrophising [43] . Pain catastrophising was shown in earlier studies to represent a significant predictor of outcome after knee arthroplasty [23] and patients that received coping skills training reported significantly greater reductions in pain severity and catastrophising and greater improvements in function post-operatively, when compared with a standard care cohort [43] .
In the present study, the multivariable ''change score model'' indicated that improvements in the average pain score from all pain scales, general health, psychological disturbance and Roland Morris Disability scores were each statistically associated with a good global outcome after surgery (i.e. each made a unique significant contribution to explaining the variance in global outcome). That improvements in these variables explained (statistically) a good global outcome is completely logical. Pain, function, general well-being and positive mental health represent some of the key domains considered by many to be of greatest importance as condition-specific outcomes in spinal disorders/back pain [44] . Hence, changes in these variables would be expected to be the most relevant indicators of successful surgery, as judged by the global outcome rating. If these variables had not changed, it would be unlikely that the global outcome would have been rated as ''good'' by the patient. In other words, reducing the amount of pain, facilitating functioning in everyday life and achieving a feeling of well-being represent the main aims of surgery and consequently define a good outcome. This provides further evidence to support the validity of the ''global treatment outcome'' item in representing an aggregate measure of all aspects of outcome of importance to the patient [40] . Psychological distress has long been known to be associated with pain chronicity [45, 46] . Our own finding of elevated pre-operative levels of psychological disturbance in our highly symptomatic patients with chronic pain also supports this (see Fig. 1 ). Many studies [27] , but by no means all [47] , have shown that pre-operative psychological distress predisposes to a poor outcome of surgery. Our data failed to support the notion of pre-operative psychological disturbance being a significant negative predictor of surgical outcome: as illustrated in Fig. 1 , the scores for psychological disturbance (MSPQ ? ZUNG scores) did not differ markedly between the outcome groups at baseline. Possibly, the relevance of depression or psychological disturbance as a predictor of outcome depends on the severity of the pathology, the clarity and certainty of the indication for surgery, the appropriateness of surgery for the given ''pathology'' and other factors [37] . It would appear to have a greater predictive role in patients with less marked pathological changes and less certain indications [9, 37, 46] . In the present study, given that the scores improved in patients who had a good outcome of surgery (and worsened in those with a poor outcome), we interpreted psychological disturbance as being the natural response to long-standing pain/disability that subsided once the pain was diminished post-operatively and the patient was able to function more normally again.
To the author's knowledge, few studies in the literature have investigated the dynamic interplay between psychological factors and outcome in patients undergoing surgery for degenerative diseases of the lumbar spine. As mentioned earlier, a number of studies have examined psychological distress and/or fear-avoidance beliefs preoperatively, but few have reported the changes that occur in response to successful (or otherwise) surgery. To our knowledge, just one other study [41] has examined the association between treatment outcome (measured as pain intensity, pain interference, disability or physical health) and post-operative changes in depression/fear of movement, and the findings were similar to those reported here, namely that depression and maladaptive beliefs were increased in patients with a poorer outcome and decreased in those with a good outcome.
Our study had a number of limitations. First, patients had been assigned to three different types of post-operative rehabilitation, which could potentially have influenced the surgical outcome recorded at the 12-month follow-up. However, our previous studies had already confirmed that the type of rehabilitation had no influence on global outcome at any stage up to 2 years post-operatively [29] and we therefore considered it unlikely that this would represent a confounder in the current study and pooled the data accordingly. A 12-month follow-up was chosen as the end point for prediction for the present study because the longer the time elapsed before the baseline measure and the event being predicted (status at 12 months), the greater the likelihood that other factors will serve to influence the outcome (e.g., development of further degenerative problems, other joint problems and so on). It was not possible to account for all potential predictors that might have explained surgical outcome (e.g., medication, baseline medical/clinical status, imaging, etc.), as there would have been far too many to consider, thereby reducing the power of the study to quantify the role of the variables it particularly sought to investigate (psychological/beliefs). We had a rather high threshold for classifying the outcome as ''good'', when dichotomising the global outcome responses. We only considered the outcome of surgery to be ''good'' if the patient reported that the operation helped a lot or helped; ''helped only little'', although still a positive response, was not considered a good outcome for this elective procedure, as previously recommended [48] . Other studies have considered, e.g. ''somewhat better than 1 year ago'' [49] as a good outcome. It has been shown that the proportion of patients that can be considered a success after surgery as well as the factors that might predict a good outcome depend on how success is defined [9, 50] .
Conclusion
In a prospective model, baseline fear-avoidance beliefs about physical activity was the only statistically significant psychological factor predicting surgical outcome.
Increasing frequency of LBP at baseline was an additional unique predictor of outcome, but is not a modifiable entity and cannot therefore be manipulated in an attempt to improve outcomes. A knowledge of its negative influence on outcome might, however, be used to guide the patient's informed consent process prior to surgery. Future studies should focus on educational and psychological treatments to address maladaptive beliefs in those patients who exhibit high levels pre-operatively. This kind of prehabilitation could potentially improve the global outcome of surgery and would be preferable to an approach where patients with an ''inappropriate'' psychological profile are deterred from having what would otherwise be considered as appropriate surgery.
Baseline psychological disturbance had no predictive power regarding the future surgical outcome. However, at 12 months' follow-up, patients with a good outcome showed a marked improvement in their psychological status, whilst those with a poor outcome showed a worsening. In the group of patients studied here, psychological disturbance thus appeared to be the consequence of a longstanding back problem, diminishing hand-in-hand with the decrease in symptoms after successful surgery, but being exacerbated by a poor surgical outcome.
